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The process of the graphitization of coal includes the stagea: 1) thermic IR
recrystallizatior (development of graphile crystals); 2) formaticn and dige - ..
integration of carbidea, forged from ash constitutents; and 3) thermic . .
firing of coal, The fiprst process is the principle cne. Tie other two are :
secondary but should not be neglected as will ba made clear in the text of ihie
article,
!

The chief factcrs contributing to the success of thermal recrystslliza-
tion are favorahla conditions of contact of the crystslline carben grains, - .

ature and time., In spite of indications thet trermai recrystallizalion
of carbon should proceed at a temperature sovewhst higher then 1,40000, tre
work of meny outhers shows that for anthracites this temperature 13:rot. lewar:
than 2,300°C, and for petrolswn coks, 2,250°C. In preportion to the rise of
the temperature, the recrystallization of graphite is intensified thersfore it
38 possible for successful recrystallization of graphite tc adnit a temperature
eqaal to 2,600°C, In Practice, attainzent of sach 3 high tsmperature en-
counters great difficulties. In addition, the temperature of the rocket of
graphitized electroder in the oven is not. disvributed uniformly. This ic
{llustrated by Table 1 where the results of measuremsnt of tenperatures by oven
zones ares given. .
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Taniwe 3

Time From Start Temperature in Degrees C
of Heat " Center Pace Beneath
(in Hours of Electrodes of Elactrodes Electrodss

A i40u 1,200 1,400
60 2,130 1,800 2,300 (Shut-down of
. oven) :
68 2,050 1,950 2,300
7% 1,880 1,930 2,100

Thus, in carrying out graphitization in the Acheson-typs oven, gensrally
used for this purpess, it is necessary to stup at a tempara ure not, axcesding
2,300°C {which is lower than the temperature of 2,460°C recommended by Arndt ).
At this temperature recrjatallization can proceed succesafully in case of a
good contact betwwen the carbon crystals at the time of their proper orienota-
tion and in the ubsence of retarding factors ("layers of impuritiee," aecording
to Tamman), rendering the movement of the ions difficult.

Foreig: mineral bodies in coal (ashes) may ahow both a detrimental and a
bereficlal activity, dgpending on their composilion with the formation end dig-
integration of the carbides taking place on the cne hend, and thermal refining
on the otlisr. Hitherto varions authors hLave not bser absolutely clear on this
question, and ever the latest works of V. S, Veselovakiy do not indicate what
influence foreign bodies have on the stracturs of the grophite produced, not to
mention the fact that the data adduced by him on the influence of foreign bodiea
i3 very questionsble and contradictory, which mskes his conclusion vory un:re-
liable, i.e., "for refining, a rise in temperaiure to somewhat sbove 2,200°C is
necessary}” (1) It is well kmown thet the losa of ash by the material, even at
a tesperature of 3,000°C, is not complete; and that in proportion to the da- -
creass ir ash oontent, the temperature for refining must inerease charply.
Dirani‘e data are quoted ir Table 2. . ) ) ce

Lable

= T500 0 L8000 2,3 2,700 3,000
doh Comtent (X) 1 066 636 |02 __ 0,07

Th~ loreigh bodieas, containec in the coal ash, bohave differ.ntly dusicg
grephilization. ‘Me elasticity of dissociation of the chief ash constitusnis
in mdllimeters cn a m¥oury colum =t one atwosphers is showm in Tebls 3,

Tato *
(%) 1.Po/a¥exl3 lgPop/Fa0 ;gpoz"é;o; ARFox/igy  1gFoz/Cp0 J.;Pog./f’:(‘); N

2000 -= -11; o7 v "'25 o8 . "33 03 - '1900
1500 $0.9 ~ 8.4 »16.C 20,5 ~25,0 ~16.5
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The date of Table 3 shows that in the reduction by carbon the elamtiedyy ey

of dissociation diminishes successively in the series: ferric oxide, ferrous
oxide, silica, alumina, calcium oxido.  Heducad metals form carbides and are .
volatilized very differently in the disintegration of the latter; because of
the extreme’ difference in their boiling points. The boiling point of iron st
one ;otmosphero is 3,235°C; silicon 2,400°9C; aluminum 1,8000C; end calcium
1,430°C.

The data adduced show that in thermal refining, iron is the most diffi-
cult to volatilige, While it is well known that better foreign graphites, pro-
duced in the same Acheson ovens, have a low ash content, foreign firms point
out the posaihility of their more complete refinement in case of necessity. .
Thus, at practically the same temperatures foreign firms produce graphite with
a lower ash content, and even with no ash content. It ia found that the possi-
bility of producing graphite with.a amall ash content lies in the initial iron
content and the original coal. We verifiod this by combustion of better
foreign and domestic graphites, While the ashes of our graphites were highly
farrous {deep brown), the ashes of the better graphitss of ths Acheson firm
wore antirely free from iron (pure white). Thie msans that the better foreign
graphites contain practically no iron. The harmful influence of iren lies in
the fact that 4t forms alloys with aluminum and silicon which are stable at
high temparaturss. Thus thermal refining from alumiaum and silicon is impeded.

Foreign bodies, however, affact the properties of graphite in a more com-
plex mannar: thus, for instance, vetter graphites for electrical conductivity

ars produced by the introduction of Cal and Fa; 03 and the poorest graphites by R o

the introduction of Afp O3. The following series” obtains in order of the
déterioration of the elec rical conductivity of graphite:: FERT

Ca0 >Fop 0,555, 0= Alp O

At the ignition point (taiding into account the fact that the higher it
is the more complately graphitization proceeds) the fullowing series obtains in
the order of dsterivoration: Lo T R SR

Poy 0= S, 0, Az 03>Ca 0,

which explains hhe diversity shown in the introduction of foreiyr bodies durdng
graphitieation. R

It is necassary to take into consideration. the fact thet the thermal
refining of ccal is not some "independent" process, but is closely linked with
the process of graphitization, and the temperature of the thermal refining,
especially for the eliminations of iron vapors, must be very high. Finelly,
the thermal refining proceeds selestivaly, in the long run, 1.e., not all the
foreign ash bodies are evaporated in equal measurc end the composition of thy
final ash varies. ’ .

~ According to our asasumptions, the alimination of iron should be the most
difficult of all, ard thermal refining to the point of compiste elimination of
/ ron would requirs practically unreslisable temperatures, ‘4.@,, iron will al-
ways set the limit for the final ash content of graphite. i
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Tiwe eimplest celculations, according to Raoult's law, show that under
ordinary conditions, the vapor tension of silicon on fuulon decrsases 0.82
. times, which raises the boiling point spproximately 150°C, i.e., the evapora- .

) tion of silicon is impeded by the presence of an excess of iron. The case of
aluminum is analogous. Here, under the same circumstances, the vapor tension
is decrsaased by 0.81Y4, which raises the boiling poinit approximately 100°C.
Thus, the difficulty of eliminating iron impedes the elimination of u:.lico.
and aluminum,

In order to show how ailicon, iron, and aluminum affect the development
of graphite crystals (graphitization), we took Dabye crystallograms from
graphitiged pitch coko at a temparature of 2,300°C:

Figure 1 ahows the poor erystal structure of the given coke with an 0.8
percent. ash content; Figure 2 shows grephitized coke to which, before coking,
a 5 percent admixture of silicon dioxide was addod; Figure 3, the same but
with an adnixture of Fe,0,; and Figurs 4, with an admixture of A£303. The
conditions of graphitizat.?on and the quantity of the admixture ers the sams,
It is evider™ that, when 5102 was added the Lsst crystallizastion of graphite
wae obtained; somewhat pocxer erystallization was evidenced when Foz03 was
added, and still poorur crystallization with the addition of Aly 03 ‘

If conditions for eliminating eluminum are creatsd, the structure of the
graphite 1s improved, as shown in Figure 5., " However, in order to ¢liminate
aluzinum easily, the presence of iron is necessary since the formation of
sluminum carbids will then take place 2t 2,175° K (when Pgol-atm) and dis-
integration of aluminum carbide, according %o Amdt, takes place at 2 273«
2,375° K (or, according to Ruff somewhal more than 2 25 473° K)(. e

The solution to the problem of aliminating 1mn from the ashes or coal . SRS
for the purpose of graphitization is nrrived st easily by chlorination, as ;l G
ehowp by the work of V, Spitsyn. (3) . o

" We quote his data on 'luasoa of foreip-x bodies in coal after one hour : S
under the action of chlorine {rate of gas atream ane nter per hour) 1n nla
tion to the tesperature: i

At Degfees € 7 .0 Losses Fyem Init.ial :

\ Quantity (in Z)
Fep 03 400 . : T 92,47
( 600 - 0
Adz 04( 800 - . 2,08
{" 1,000 v ‘ - 86,15
810, 1,000 , ' 0.7-=1.0

Fag O, is eliminoted most effactively, Zollowsd by Al 03, 510, is
completely oliminated in the thermal refining, Thus, by using chlorination
bafora gv-a;h.&ttmtion, it 13 possible te obtain graph:l.tc abnolutely free frem
ash,

Calcium oxide forms carbide after reduction; which dissccistas al texpere~:
tures not lower than Z,5XCC and evaporates. “sloium doas nat preduca alloys

with iron, and; thersfore, its elimination encounters no difficulties aduring
hot operation of the oven (2,500 -~ 2,500°C).
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CONCLUSIONS

1. The ash content of the grurhite obtained is limited by the iron in
the ash of the original coal. .

2. To obtain graphite without ash content it is necessary o eliminate
the iren by preliminary treatment, since by virtue of its high boiling point,
‘1% 'is retained in the graphite and, by forming stable alloys with aildcon and
aluninum, impsdes the elimination of these conetituents.

35 The greatest contributor to the crystalline structure of synthstic
graphite is Si0p; T, the tempsrature of the process must not bs lower
than 2,300 - 2,400°C for complete disintegration of the carborundum).
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